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Description 



The present invention relates to a proccess for the preparation of azo- and/or disulfide- containing polymers 
to be used in the preparation of drug delivery systems providing a site specific delivery of the active agent in 
5 the colon. 

The novel azo and disulfide containing polymers can be applied for preparing drug delivery systems that 
result in a site specific release of the drug in the lower part of the intestine. 

It has been mentioned in the literature that the colon is a reductive medium and that enzymes are present 
which are able to cleave azo and disulfide bonds in organic molecules. 
10 Peppercorn et al. published in Journal of Pharmacology and Experimental Therapy, 181, 555, 1972 that 

salicylazosulfapyridine (a drug applied for the therapeutic treatment of ulcerative colitis) (azuflidine, sulfasa- 
lazine) can be cleaved by microflora in the colon with release of S-aminosalicylic acid. 

US -patents 4,190,716 and 4,298,595 describe polymers having 5-aminosalicylic acid linked to a polymer 
backbone via an aromatic azo linkage which can be used for the site specific release of 5-aminosalicylic acid 
15 in the colon. 

US -patent 4,663,308 describes the synthesis of a potentially crosslinked polymer obtained by radical co- 
polymerization of vinyl monomers with an azo-containing comonomer which functions as a crosslinker during 
polymerization. A typical example of such an azo-containing crosslinker is 4,4-divinylazobenzene. The result- 
ing polymers were tested for the preparation of site selective drug delivery systems enabling the release of 
20 drug in the colon. Drug delivery systems can consist of systems coated by the azopolymer. The release of 
the enclosed drug is caused by enzymatic degradation of polymeric coating. These systems have been pro- 
posed as a means to deliver drugs (e.g. peptides) via rectal and oral application to the colon. 

Preliminary in vivo experiments with vasopressin containing dosage forms, coated with the azo-containing 
polymers, demonstrated the release of the peptide following oral administration of the novel dosage form. (Saf- 
25 fran, Journal of Pharmaceutical Sciences, 1988; Polymer Preprints, 1988; Science, 1986). 

The azo-containing polymer systems described by Saffran all have in common their preparation via a co- 
polymerization of vinyl-type monomers with substituted or nonsubstitu ted divinylazobenzene. This will ultimate- 
ly lead to crosslinked polymers. 

30 

CH 2 =CH^^-N=N-(0)- CH=CH 2 divinylazobenzene 

35 The disadvantage of this procedure is the possibility for cross-linkage of the polymer. 

The polymers obtained after copolymerization of vinylmonomers with divinylazobenzene are to some extent 
crosslinked. Crosslinked polymers are insoluble and infusable. The reproducibility of preparing low degree 
crosslinked and still soluble polymers is anticipated to be very low. 

The available literatue learns that, not only azo bonds but also disulfide bonds can be cleaved in the re- 

40 ductive medium that exists in the lower part of the G.I. tract, i.e. the colon. 

The reductive potential in caecal contents has been reported in the literature, e.g. by H. Schroder and A. 
Johanssson (Xenobiotica, 3,4, 233-246, 1973). The potentials recorded ranged from -100 to -400 mV. This re- 
ductive medium is anticipated to be able to reduce disulfide bonds in organic compounds. 
The disulfide bond in glutathione drug conjugates can be reduced in the colon and lead to liberation of the 

45 glutathion-linked thiol (G.L Larsen, J. P. Larson, J.A. Gustafson, Fusobacterium necrophorum, Xenobiotica, 
13, 689, 1983). 

The objective of the presently described invention is the preparation of a series of azo- and disulf ide-con- 
taining polymers which are susceptible to reductive cleavage in the gastro intestinal tract, i.e. in the colon, and 
which will be used for the preparation of colon specific drug delivery systems. 
so The method by which these reduction cleavable polymers are prepared is the polycondensation or poly- 

addition of an a,o-difunctional reagent with an appropriate a,o)-difunctional co-monomer. 
The reduction sensitive polymers are prepared according to the scheme shown below: 



55 



n Y-R r R-XX-R-R 2 Y + n HX-R 3 -XH -» Y-R^R-XX-R-^-f-Z-X-Ra-X-Z-R^R-XX-R-Ra-] „. r Z-X-R 3 -XH 
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with: -XH = -NH 2 , -OH 

-Y = -COOH, CO-Hal, COOAIkyl, -N=C=0, 

5 -CH-CH(R), 

0 

-S0 2 Hal 

10 -XX- = -N=N- ( -S-S- 

and 

R= alkyl, aryl 

<-©•! 

15 

R 1p R 2 = alkyl, aryl, alkyl aryl groups all or not substituted 

R 3 = alkylidene, arylidene, alkylarylidene all or not substituted 

po! yet her, polyester 
hal = halogen radical, e.g. CI, Br 

20 Z = C=0, NH-C=0, CH 2 -CH-OH, S0 2 

and whereby X and Y are interchangeable in the above formulas. 

The functional groups in the above reaction equations are selected such that chemical reaction with for- 
mation of a covalent bond between the two reagents is feasible, e.g. ester formation, amid formation. 

In the reaction with component HX-R 3 -XH the complementary reagent Y-R r R-XX-R-R 2 Y can be a diazo 

25 compound (-XX- - -N=N=- ) a disulfide compound (-XX- = -S-S-) or a mixture of both composed such that the 
anticipated molarity of the complementary functional groups (Y-, resp. HX-) is respected. 
The molecular weight of the polycondensation or polyaddition polymers generated through the above descri- 
bed reactions can be controlled by proper choice of the molarity of the complementary functional groups as 
commonly known in polymer synthesis. 

30 The resulting reduction sensitive polymers are in principle linear, not crossl inked, macromolecules, con- 

taining an azo and/or a disulfide bond in their polymer backbone. 



35 



45 or 




SO 



This method allows the preparation of a series of azo and/or disulfide containing polymers through a va- 
riation in the a,a>-difunctional reagents. So the final physicochemical and physical properties (hydrophilicity, 
55 permeability, thermal properties, Theological properties) can be widely varied with the aim of using these poly- 
mers for preparing drug delivery systems. The latter can be matrix type systems or reservoir type systems. In 
the former case the azo and/or disulfide containing polymer is a major part of the drug containing compart- 
ment In the latter part the azo and/or disulfide containing polymer is used to encapsulate a drug loaded core. 

Provided these polymer are stable in the fluids of the mouth, the stomach and the upper intestine the here- 
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10 



in described azo and/or disulfide polymers can pass the mouth, stomach and upper intestine without being 
destructed. In the lower part of the G.I. -tract these reduction sensitive polymers can be cleaved and fragment- 
ed by the reductive medium, all or not enzym mediated. The enclosed active agent can be released at the site 
of degradation. 

In a first approach to azo-containing polymers azobenzene-4,4*-dicarboxylic acid was used as one con- 
structive part. 

HOOC-^Q^-N=N-^Q^"COOH azoben2ene-4 , 4 ' -dicarboxy 1 ic acid 



For condensation with the appropriate comonomers (HX-R 3 -XH) the azobenzene-4,4*-dicarboxylic acid 
was transformed into a reactive derivative, such as a di-acidchloride, a di-paranitrophenolester, di-N-hydrox- 
15 ysuccinimid ester. 

In one selected type of reaction an u,a>-difunctional azo reagent is reacted with an a.co-dihydroxy or a,<o- 
diamino terminated co-monomer, oligomer or polymer of the type of a polyether, polyester, polysiloxane, or 
vinylpolymer. 

Disulfide containing polymers were prepared in a comparable manner as described above, by reacting 2,2'- 
20 dicarboxy diphenyldisulphide with an equimolar amount of an a.co-dihydroxy or a,o)-diamino terminated com- 
onomer, oligomer or polymer of the type of a polyether, polyester, polysiloxane, or vinylpolymer. 




2,2' -dicarboxy- 

dipheny Id i sulphide 



Reduction sensitive polymers containing azo and disulfide bonds were prepared by reacting a mixture of 
an azo containg diacid and a disulfide containing diacid with an equimolar amount of an a.co-dihydroxy or a,co- 
30 diamino terminated comonomer, oligomer or polymer of the type of a polyether, polyester, polysiloxane, or vi- 
nylpolymer. 

Additional characteristics of the present invention will be illustrated in the hereunder described examples 
and figures. 

These figures show: 

35 Figure 1.: A matrix device, e.g. a tablet, composed of a reductive azo and/or disulfide polymer 

Figure 2.; A granule coated with a polymer film of the material described in this invention 
A first aspect of the present invention comprises the preparation of polymers containing in their backbone 
chain azo and/or disulfide groups. These are prepared by polycondensation or polyaddition of an a.co-difunc- 
tional azo-containing and/or an a,co-difijnctional disulfide-containing reagent with an appropriate a,co-comono- 
40 mer. 

The second aspect of the present invention comprises the use of the azo and/or disulfide containing poly- 
mers for the preparation of drug delivery systems. 

The objective is to design dosage forms, retaining an active ingredient, which upon oral administration releases 
the active agent mainly during passage in the colon. This drug release is caused by degradation of the polymer, 
45 used to design the dosage form, in the reductive medium of the colon. The active agent being released in the 
colon can exert a local therapeutic action in the colon or being absorbed through the intestinal mucosa. 
These dosage forms can be of different type: 

a) dosage forms composed of a mixtrure of one or more active agents (drugs), an azo and/or disulfide 
containing polymer and possible additives 
so b) dosage form composed of one or more drugs and one or more additives formulated in a practical form 

(tablet, granule, capsule). This dosage form is subsequently coated with a film of a reduction sensitive azo- 
and/or disulfide-containing polymer, all or not mixed with one or more additives. The reduction sensitive 
polymers are prepared according to the methods described in this invention. 

55 I. DESCRIPTION OF THE STARTING MATERIALS. 

One example of an a, o-difu notional azo compounds used to prepare the azo-containing polymers descri- 
bed in this invention is azobenzene-4,4'-dicarboxylic and derivatives thereof : 
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HOOC- (c^> -N=N- <^> -COOH 



with Ri, R 2 = alkyl, aryl, alkylaryl groups all or not substituted. 

Examples of an a.o-difunctional disulfide used to prepare the disulfide-containing polymers described in 
this invention are: 2,2'-dicarboxylic acid diphenyl disulfide, bis(2-carboxy ethyl) disulfide, bis(2-amino ethyl) 
10 disulfide and derivatives thereof 



15 



20 



HOOC 7^^ S ~ S ~7"^ COOH 2 / 2'-dicarboxylic acid diphenyl 



HOOC-CH 2 CH 2 -S-S-CH 2 CH 2 -COOH bis(2-carboxy ethyl) disulfide 
H 2 N-CH 2 CH 2 -S-S-CH 2 CH 2 -NH 2 bis(2-amino ethyl) disulfide 

X-CO-CH 2 CH 2 -S-S-CH 2 CH 2 -CO-X bis(2-haloformyl ethyl) disulfide (X = CI, Br, ) 

bis(2-(succinimidyloxycarbonyl ethyl) disulfide (X = succinimidyloxy) 

First step 



Preparation of azobenzene-4,4'-dicarboxylic acid. 

Azobenzene-4,4 ? -dicarboxylic acid is prepared starting from 4-nitrobenzoic acid according to the method 
25 of Tomlinson (M. Tomlinson, Journal of Chemical society, 756 (1946)). 

Example 1a 

A mixture of 13g 4-nitrobenzoic acid (0.078 mole) and 50 g NaOH (1.25 mole) in 225 ml of water is heated 
30 to 50°C. A solution of 1 0Og glucose (0.56 mole) in 1 50 ml water is added slowly over 1 5 minutes at 50°C. Then 
air is bubbled through the reaction mixture for a period of 48 h. The reaction medium is acidified with acetic 
acid to pH5. The carboxylic acid is removed by filtration, washed with aceton and ether and dried over phos- 
phorous pentoxide. 



35 Second step 



40 



45 



Preparation of azobenzene-4,4'-diacid chloride 
The azobenzene diacid can be subsequently converted into the diacidchloride, diacidbromide, or a di-reactive 
ester: 



HOOC-^Q^-N=N^O^-COOH > X-CO-^0)-N=N-^^-CO-X 

with a: a typical reagent well known from basic organic chemistry for this type of conversions, 
a: SOX 2 , S0 2 X 2 , POX 3 , X-CO-CO-X and X = halogen radical, like CI, Br 



Example 1b 

50 

To a solution of 10g (0.074 mole) of azobenzene-4,4*-dicarboxylic acid and 5 ml of DMF in 50 ml toluene 
is added 45 ml (0.617 mole) SOCI 2 . The reaction mixture is refluxed during 8 h. It is then filtered over a G-4 
glass filter and allowed to cool down to room temperature. The reaction product separates by crystallization. 
It is filtered off, recrystallized from isooctane and finally dried. The product is characterized by IR and NMR 
55 analysis: 

Typical IR adsorptions: -CO-CI at 1 770 cm- 1 

aromatic C-H at 1580, 1540 cm- 1 
Starting from the azobenzene dicarboxylic acid reactive esters such as 4-nitrophenyl esters, N-hydroxysucci- 
nimide esters and alike can be prepared using conventional methods. 

5 

t 
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Third step 

Preparation of bis(2-(succinimidyloxycarbonyl) ethyl) disulfide The bis-succinimidyl ester of the diacid dis- 
5 ulf ide can be prepared according to the method of Lomant and Fairbanks (A.J. Lomants, G. Fairbanks, J. Mo- 
lecular Biology, 104, 243, 1976). 

Example 1c 

10 6 g of bis(2-carboxy ethyl) disulfide is dissolved in 300ml dry dioxane. To this is added 62 mmole N-hy- 

droxysuccinimide and then 62,5 mmole N,N'-dicyc!ohexylcarbodiimide. The mixture is stirred for 24h at room 
temperature with protection from moisture. The dicyclohexylurea is removed by filtration. The filtrate is then 
cooled and the dioxane removed by distillation under reduced pressure. The bis(2-succinimidyloxycarbonyl 
ethyl) disulfide is purified by repeated recrystallization from aceton/ether. The structure is confirmed by proton 

15 NMR. 

Fourth step 

As complementary a,co-difunctional reagents to be used as comonomers with an a.oo-difunctional azocom- 
20 pound for the preparation of azo-containing polymers can be used: 

a) for the reaction with an a,w-dicarboxylic acid : 
a a, ©-diamine or a,(o-diol of the type: 

H 2 N-R-NH 2 or 

25 HN-R-NH 

i i 

R' R ' 

orHO-R-OH 

30 with R = (CH 2 ) n and n in between 2 and 20 

= oligomer, polymer 

As a,o>-hydroxy or amino terminated polymers or oligomers can be used polyethers, such as 
polyethylene oxide), polypropylene oxide), copolymers of ethylene oxide and propylene oxide (random 
or block copolymers), poly(tetramethylene oxide); polyesters such as polycaprolactone, poly(ethylene ter- 
35 ephtalate), poly(butylene terephtalate); polydimethylsiloxane and vinyl polymers e.g. polybutadiene. 

b) for the reaction with an a,o)-diamino azo compounds: 
An a,co-dicarboxylic acid of the type HOOC-R-COOH 
with R = (CH 2 )n and n ranging between 2 and 20 

= polymer or oligomer of the type polyether, polyester, polysiloxane or vinyl polymer as described 
40 under pt.a. 

The a, o-di hydroxy and a,o>-diamino reagents can be converted into the a,o)-diisocyanato derivatives by 
treatment with an appropriate quantity of a diisocyanate, e.g. hexamethylene diisocyanate, toluene diisocyan- 
ate, methylenediphenyl diisocyanate, etc... 

A series of a,o-di hydroxy and diamino terminated polymers are commercially available. In addition a,co- 
45 dihydroxy terminated polymers and oligomers can be transformed into the a,co-diamino terminated polymers 
by methods well known in organic chemistry. 

II. EXAMPLES FOR METHODS TO PREPARE AZO- AND/OR DISULFIDE- CONTAINING POLYMERS 

50 For the preparation of the azo-cpntaining polymer the u.co-difunctional azo-containing reagent can be re- 

placed partially by another a,co-difunctiohal reagent which contains no azo bonds whereby the functional 
groups are of the same nature as those in the azo-containing reagent. The latter type of a,co-difunctional re- 
agent may be one containing a disulfide bond. 

In an analogous way for the preparation of the disulfide-containing polymer the a,co-difunctional disulfide-con- 
55 taining reagent can be replaced partially by another a,w-difunctional reagent which contains no disulfide bonds 
whereby the functional groups are of the same nature as those in the disulfide-containing reagent. The latter 
type of a,co-difunctional reagent may be one containing an azo bond. 

As an example in the preparation of an azo-containing polymer starting from azobenzene-4,4'-dicarboxylic acid 
part of the azodiacid can be replaced by dicarboxylic acids like oxalic acid, succinic acid, terephtalic acid, bis(2- 

6 
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carboxy ethyl) disulfide, etc... 

In the synthesis of these polymers the molecular weight can be controlled by adjusting the molar ratios 
of the functional groups reacting with one another. 
5 For the preparation of high molecular weight polymers equivalent amounts of the functional groups that react 
with one another must be used. 

The polycondensation or polyaddition reaction can be carried out in solution or in a two phaze system. 
As an example azo-containing polymer can be prepared by reacting azobenzene-4,4'-diacidchioride with 
a,co-diamino poly(tetramethylene oxide) in solution (e.g. in chloroform) and in presence of an acid acceptor 
10 like triethylamine. 

A number of a,co-diamino terminated polymers or oligomers are commercially available. They also can be 
prepared by chemical modification of their a,co-dihydroxy terminated analogues. 

Example 2 Preparation of a,a>-amino terminated poly(ethy!ene oxide) starting from dihydroxy terminated 
15 polymer 

45 g poly(ethylene oxide) is dissolved in 400 ml dry benzene. While stirring under an inert atmosphere 8g 
butyl lithium is added. Then 35g tosylchloride dissolved in 100 ml of dry benzene is added and the solution is 
stirred for 12 h at room temperature. The lithium chloride formed during reaction is removed by filtration and 
20 the filtrate is concentrated by evaporation. The residue is redissolved in dry ethanol and cooled at -20°C. The 
ditosylate precipitates and can be isolated by filtration and dried. 

5g ditosylate ester of poly(ethylene oxide) is dissolved in 250 ml concentrated ammonia and placed in an au- 
toclave at 120°. The solution is then allowed to cool to room temperature and is concentrated. The residue is 
dissolved in 20ml 1 N sodium carbonate and extracted with toluene. The organic layer is concentrated by evap- 
25 oration. The residue is dried over phosphorous pentoxide. 

In a similar manner other a,o)-di hydroxy terminated polymers like poly(tetramethylene oxide), can be con- 
verted into the a,co-diamino terminated derivatives. 

Other examples use carboxy-terminated polymers which either are commercially available or can be prepared 
starting from the a.to-dihydroxy or diamino terminated polymers using techniques described in the literature. 



30 
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Example 3a Preparation of an azo-containing polymer by reaction of azobenzene-4,4'-dicarbonylchloride 
with a,G>diamino terminated poly(tetramethylene oxide). 



Reaction sheme 



H 2 N-R-NH 2 + Cl-CO-^Q^-N=N-^Q^-CO-C} > 

40 [ " CQ "^Q^" N = N ^Q^"^0-NH-R-NM- 



with H 2 N-R-NH 2 = H 2 N-CH 2 CH 2 CH 2 0-(-CH 2 CH 2 CH 2 CH 2 -0-) n -CH 2 CH 2 CH 2 -NH 2 
= diamino-pTHF 



Experimental part 



The polyamide is prepared by a solution polycondensation. To a solution of 10 g (5 meq) diamino-pTHF 
(MW 750) dissolved in 100ml chloroform is added 7ml of triethylamine (50 meq). The mixture is stirred for 15 

so min. at-10°C. Then 3.85 g (25 meq) azobenzene-4,4'-diacidchloride, dissolved in 75 ml chloroform, is added. 
The mixture is stirred for 24h at room temperature, extracted with 0.1N HCI, subsequently 0.1N NaOH. The 
chloroform layer is dried over magnesium sulfate. The solvent is then stripped off. The reaction product is char- 
acterized via IR and NMR analysis. IR-adsorptions: -CO-NH- : 1640. 1 540 cm- 1 ; aromatic C-H : 1600 cm- 1 . The 
moleculare weight of the polymer as determined by gel permeation chromatography is 26,300. 

55 in a similar manner azopolymers can be prepared by polycondensation of azobenzene-4,4'-dicarbonyl 

chloride and an a,co-diamino-terminated poly(ethylene oxide -co- propylene oxide). 

The polycondensation can be carried out. in solution or in a two phaze system (interfacial polymerization). 
The resulting polymers are essentially linear non-crosslinked macromolecules. 
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Example 3b 

Preparation of an azo-polymer by reaction of azobenzene 4,4'diacid chloride and a.co-diamino 
poly(ethyleneoxide-co-propyleneoxide). 



Reaction sheme 



H2N-R3-NH2 



in H 2 0 
+ Na 2 C0 3 



Cl-CO-^Q^-N=N-(^Q^"CO-C] 



in C\\Cl 3 



" CO "(Oy N=N-^0)«CO-NH-R3-NH- ] R 



20 with H2N-R3-NH2 



= H 2 N-CH-CH 2 ( OCHCH 2 ) b « ( OCH 2 CH 2 ) a ~ ( OCH 2 CH ) C ~NH 2 



a=8.5;b+c=2.5 



25 



30 



35 



40 



In this example the polyamide is prepared by an interfacial polycondensation. 
Experimental 

2g (65.15 meq) Jeffamine ED-600 and 1.38g (30 meq) Na 2 C0 3 are added to a stirred 250 ml mixture of 
chloroform/water (1:2, v:v). 10g (65.15 meq) azobenzene-4,4'-diacidchloride dissolved in 125 ml dry chloro- 
form is added. Then the mixture is stirred at room temperature for 6 h. The organic layer is isolated, washed 
with HCI and NaOH, dried and evaporated. The resulting reaction product is characterized by IR and NMR. 
IR absorptions : -CO-NH- 1650, 1535 cm- 1 , aromatic : 1600 cnr 1 Molecular weight (GPC) : 16,400 

Example 4 

Preparation of a disulfide-containing polymer by reaction of bis(2-(succinimidyloxycarbonyl) ethyl) disul- 
fide with an a.oo-diamino poly(tetramethylene oxide) (amino-pTHF). 

Reaction sheme 



45 



H 2 N-R-NH 2 + X-CO-CH 2 CH 2 -S-S-CH 2 CH 2 -CO-X [-CO-CH 2 CH 2 -S-S-CH 2 CH 2 -CO-NH-R-NH-] 
with H 2 N-R-NH 2 = H 2 N-CH 2 CH 2 CH 2 0-(-CH 2 CH 2 CH 2 CH 2 0-) n -CH 2 CH 2 CH 2 -NH 2 
= diamino-pTHF 

and X = 



50 



/ 2 

O-N 

0=C-CH- 



Experimental 

To a solution of 4.7g (11.95 meq) diamino-pTHF (MW: 750) in 40 ml dry chloroform is added 3.3 ml trie- 
thylamine (23.7 meq), and 2.41 g (11 .95 meq) bis(2-succinimidyloxycarbonyl ethyl) disulfide. The reaction mix- 
ture is stirred for24h at room temperature. The chloroform layer is then extracted with 0.1 N HCI and phosphate 
buffer pH7, resp. the organic layer is dried over MgS0 4 and concentrated under reduced pressure. The struc- 
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ture of the polymer is confirmed by IR and NMR. 

In a similar experiment as described in t he examples 3b and 4 polymers containing azo and disulfide groups 
have been prepared by condensing a mixture of an a.co-difunctional azo-containing reagent and an a,co-difunc- 
5 tional disulfide containing reagent with an appropriate complementary a,oo-difunctional reagent. 

III.APPLICATIQNS OF AZO- AND/OR DISULFIDE- CONTAINING POLYMERS IN DRUG DELIVERY. 

1. Matrix systems 

10 

Polymers of the type as described in the present invention can be used as matrix component (indicated 
in figure 1 by the number 1) in the preparation of drug delivery systems. In such dosage forms the active agent 
is dissolved or dispersed in a matrix partially or completely composed of an azo- and/or disulfide containing 
polymer. 

15 Dosage forms of this type can be obtained by impregnation of a preformed matrix with a solution of one or 
more active agents. 

Example 5 

20 10g azo-containing polymer obtained by reaction of azobenzene-4,4'-dicarbonylchloride and an cc,<o-dia- 

mino terminated poly(tetramethylene oxide) is mixed with 1g salicylazosulfapyridine. 0.5g of the powdered mix- 
ture is placed in a matrix with an internal diameter of 1 cm. Using a heated press, the mixture is compressed 
for 2 min at 100°C and at 100 kN. After removal from the matrix a homogeneous tablet is obtained. 

Alternatively the dosage forms can be prepared by compressing a mixture composed of azo- and/or dis- 

25 ulf ide-containing polymer, one or more drugs, one or more additives in the form of a tablet or pill, or by extrusion 
of the mixture. 

Examples of acceptable additives are vegatable or animal oils and fats, anorganic or organic polymers, 
e.g. poly(ethylene oxide), poly(vinylpyrrolidone), microcrystalline cellulose, starch, hydroxypropyl methylcel- 
lulose, magnesium stearate, talc, lactose, silica and other additives. 

30 

2. Polymer coated systems 

The above azo- and/or disulfide containing polymers (4 in figure 2) described in this invention can be used 
for the coating of existing dosage forms (2 in figure 2). This coating can occur by applying a solution or a sus- 
35 pension of the azo- or disulfide polymers. Coating can be performed using well known standard techniques 
(e.g. spraying, dip coating). 

The coating film (4) is selected such that after oral administration of the dosage form the polymer film is de- 
graded selectively in the colon, whereby the drug is being released. 

40 Example 6 

Preparation of hydrogel spheres, loaded with oxprenolol, and coated with an azo-containing polymer. 

5g of hydrogel beads (polyHEMA, crosslinked with 0.5 % glycol dimethacrylate, average diameter 500 |im) 
are suspended in 50 ml of a 20% (wt) solution of oxprenolol in methylene chloride. After 24h the beads are 
45 removed by filtration, washed with one portion of 20 ml chloroform and dried in a rotary evaporator. Extraction 
experiments and HPLC analysis indicated the drug content being 11%. These drug loaded beads are placed 
in a miniaturized fluidized bed coater and sprayed with a 10% solution of the azo- containing polymer (example 
3) in chloroform. Azo- polymer coated beads are obtained. The average coating thickness can be varied, one 
example: thickness = 50 \im. 

50 

Claims 

1. A process for the preparation of azo-containing polymers, disulf ide-containing polymers and azo- and dis- 
ss ulf ide-containing polymers which can be used for the preparation of drug delivery systems having a site 
specific release of the drug in the colon, characterized in that they are obtained by polycondensation or 
polyaddition of an azo- and/or disulfide containing a,<o-difunctional reagent with a suitable a,o>-difu notional 
comonomer according to the general reaction sheme illustrated below : 
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n Y-R r R-XX-R-R 2 Y + n HX-R 3 -XH Y-RrR-XX-R-Rz-I-Z-X-Ra-X-Z-RrR-XX-R-R^ r 2-X-R 3 -XH 
with: -XH = -NH 2) -OH 

-Y = -COOH, CO-Hal, COOAIkyl, -N=C=0, 



-CH-CH(R) , 



-S0 2 Hal 

-XX- = -N=N-, -S-S- 

and 

R= alkyl, aryl 



\ 

o 



R 1( R 2 = alkyl, aryl, alkyl aryl groups all or not substituted 

R 3 = alkyl idne, arylidene, alkylarylidene all or not substituted 

polyether, polyester 
hal = halogen radical, e.g. CI, Br 

with: 

-Y + H-X- -> -Z-X- 

and Z = C=0, NH-CO, CH 2 -CH-OH, S0 2 

and whereby X and Y are interchangeable in the above formulas. 

2. Process of claim 1, wherein as azo-containing cx.co-difunctional reagent is used azobenzene-4,4'-dicar- 
boxylic acid 

3. Process according to claim 1, characterized in that a diacidchloride is prepared such as azobenzene-4,4'- 
diacidchloride. 

4. Process according to one of the preceding claims characterized in that reactive esters are prepared such 
as 4-nitrophenyl esters or succinimidyl esters. 

5. Process according to one of the preceding claims characterized in that as a,co-difunctional azo-containing 
reagent a.m-diisocyanato. derivatives are used. 

6. Process according to one of the preceding claims characterized in that reactive disulfide containing esters 
are prepared such as bis(2-(succinimidyloxycarbonyl) ethyl) disulfide. 

7. Process according to one of the preceding claims characterized in that as a,co-difu notion al disulf ide-con- 
taining reagent bis(2-carboxyethyl) disulfide is used. 

8. Process according to one of the preceding claims characterized in that as a,a>-difunctional disulf ide-con- 
taining reagent bis(2-(chloroformyl)ethyl) disulfide is used. 

9. Process according to one of the preceding claims characterized in that as a,o)-difunctional comonomer 
is used an .. a,o>-dihydroxy- or a, co-di amino- terminated monomer, oligomer or polymer such as ethers, 
polyethers, esters, polyesters, siloxane, polysiloxane, alkener, arylene, or alkylarylene, or a vinyl polymer. 

10. Process for preparing systems for delivering drugs to the large intestine comprising a) matrix-type systems 
wherein the drug is formulated in a matrix containing the reduction sensitive azo- and/or disulfide con- 
taining polymers prepared according to any preceding claim; b) systems wherein a dosage form is coated 
one or a mixture of one of the azo- and/or disulfide containing polymers prepared according to any pre- 
ceding claim. 



Patentanspruche 

1. Verfahren zur Herstellung von Azo-Gruppe(n) enthaltenden Polymeren, Disulf id-Gruppe(n) enthaltenden 
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Polymeren und Azo- und Disulfid-Gruppe(n) enthaltenden Polymeren, die zur Herstellung von Systemen 
zur Wirkstoffabgabe mitortsspezifischer Abgabe des Wirkstoffs im Colon verwendet werden konnen, da- 
durch gekennzeichnet, daft sie durch Polykondensation Oder Polyaddition eines Azo und/oder Disulf id 
5 enthaltenden ot,o)-bifunktionellen Reaktionspartners mit einem geeigneten a,to-bifunktionellen Comono- 

mer gemaft dem nachfolgend dargestellten allgemeinen Reaktionsschema erhalten werden: 
n Y-R r R-XX-R-R 2 Y + n HX-R 3 -XH -» Y-RrR-XX-R-Rrl-Z-X-Rj-X-Z-RfR-XX-R-RrL ,-Z-X-R 3 -XH 
mit: -XH = -NH 2 , -OH 

-Y = -COOH, CO-Hal, COOAIkyl, -N=C=0 ( 

10 

-CH-CH(R), 

V 



N=N-, -S-S- 
Alkyl,Aryl 

<-^5>-> 

Alkyl, Aryl, Alkylaryl, vollstandig oder nicht substituiert 
Alkyliden, Aryliden, Alkylaryliden, vollstandig oder nicht substituiert 
Polyether, Polyester 
Halogenradikal, z.B. CI, Br 

-Y + H-X- -Z-X- 
30 und Z = C=O t NH-C=0, CH 2 -CH-OH, S0 2 

und wobei in den oben aufgefuhrten Formeln X und Y austauschbar sind. 

2. Verfahren nach Anspruch 1 , in dem als Azo enthaltender a,(o-bifunktioneller Reaktionspartner Azobenzol- 
4,4'-dicarbonsaure verwendet wird. 

35 

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dafi ein Disaurechlorid hergestellt wird, wie z.B. 
Azobenzol-4,4'-disaurechlorid. 

4. Verfahren nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daft reaktive Ester her- 
^ gestellt werden, wie z.B. 4- Nitro phenyl ester oder Succinimidylester. 

5. Verfahren nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daft als ct,co-bifunktio- 
nelles, Azo enthaltendes Reagenz a,co-Diisocyanatderivate verwendet werden. 

6. Verfahren nach einem der vorangehenden Anspruche, dadurch gekennzeichnet , daft reaktive, Disulf id 
45 enthaltende Ester hergestellt werden, wie z.B. Bis(2-(succinimidyloxycarbonyl)ethyl)disulf id 

7. Verfahren nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daft als cx,co-bifunktio- 
neller, Disulf id enthaltender Reaktionspartner Bis(2-carboxyethyl)disulf id verwendet wird. 

so 8. Verfahren nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daft als a,co-bifunktio- 
neller, Disulf id enthaltender Reaktionspartner Bis(2-(chloroformyl)ethyl)-disuifid verwendet wird. 

9. Verfahren nach einem der vorangehenden Anspruche, dadurch gekennzeichnet, daft als u , to- b if unktio- 
nelles Comonomer ein a.oo-Dihydroxy- oder a f a>-Diamin-terminiertes Monomer, Oligomer oder Polymer, 

55 wie z.B. Ether, Polyether, Ester, Polyester, Siloxan, Polysiloxan, Aiken, Arylen oder Alkylarylen, oder ein 

Vinylpolymer, verwendet wird: 

10. Verfahren zur Herstellung von Systemen fur die Abgabe von Wirkstoffen an den Dickdarm, umfassend 
a) Systeme des Matrix-Typs, in denen der Wirkstoff in einer Matrix formuliert ist, die die reduktionsemp- 



15 



20 



-SO ? Hal 



-XX- 



und 
R = 



25 



Rii R2 = 
R 3 = 



Hal 

mit: 
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f indlichen Azo und/oder Disulf id enthaltenden, nach einem der vorangehenden Anspriiehe hergestellten 
Polymere enthalt; b) Systeme, in denen eine Dosierungsform mit einem oder einer Mischung mit einem 
der Azo und/oder Disulf id enthaltenden, entsprechend einem der vorangehenden Anspriiehe hergestell- 
ten Polymeren beschichtet wird. 



Revendications 

10 1. Procede de preparation de polymeres contenant des groupements azoi'ques, de polymeres contenant des 
groupements disulfure et le polymere contenant des groupements azoique et disulfure, qui peuvent etre 
utilises pour la preparation de systemes d'apport de medicaments possedant une liberation du medica- 
ment a specif icite de site dans le colon, caracterise en ce qu'ils sont obtenus par polycondensation ou 
polyaddition d'un reactif difonctionnel en a et co contenant un groupement disulfure et/ou azoique avec 

15 un comonomere difonctionnel en a et m adapts, selon le schema reactionnel general illustre ci-dessous: 

n Y-R r R-XX-R-R 2 Y + n HX-R r XH -» Y-R^R-XX-R-RH-Z-X-Ra-X-Z-RrR-XX-R-RHn. r Z-X-R 3 -XH 
avec: 

-XH = -NH 2) -OH 

- Y = -COOH, -CO-Hal, -COO-alkyle, -N=C=0, 



20 



30 



50 



55 



-CH-CH(R), 
O 



25 -S0 2 Hal 

-XX- = -N=N-, -S-S- 

R = groupements alkyle, aryle 



(-©-> 



R 1( R 2 = groupements alkyie, aryle, alkylaryle totalement substitues ou non substitues 
R 3 = groupements alkylidene, arylidene, alkylarylid^ne totalement substitues ou non substitues po- 
35 lyether, polyester 

Hal = radical halogene, par exemple CI ou Br 

avec: 

_Y + H-X- -Z-X- 

m et 

Z= C-O, NH-C=0, CH 2 -CH-OH, S0 2 
et ou X et Y sont interchangeables dans ies formuies ci-dessus. 

2. ProcedS selon la revendication 1 , dans laquelle on utilise I'acide azobenzene-4,4'-dicarboxylique en tant 
45 que reactif difonctionnel en a et co contenant un groupement azoTque. 

3. Procede selon la revendication 1 , caracterise en ce qu'on prepare un dichlorure d'acide tel qu'un dichlo- 
rure d'acide azobenzene-4,4'-dicarboxylique. 



4. Procede selon Tune des revendications precedentes, caracterise en ce que Ton prepare des esters reactifs 
tels que des esters de 4-nitrophenyle ou des esters de succinimidyle. 

5. Procede selon I'une des revendications precedentes, caracterise en ce que Ton utilise en tant que reactif 
difonctionnel en u,to contenant un groupement azoique des derives u,(o-diisocyanato. 

6. Procede selon I'une des revendications precedentes, caracterise en ce qu'on prepare des esters reactifs 
contenant un groupement disulfure tel que le disulfure de bis(2-(succinimidyloxycarbonyl)ethyl). 

7. Procede selon I'une des revendications precedentes, caracterise en ce qu'on utilise en tant que reactif 

12 



EP 0 513 035 B1 



10 



15 



difonctionnel en a,a> contenant un groupement disulfure du disulfure de bis(2-carboxyethyl). 

8. Procede selon Tune des revendications precedentes, caracterise en ce qu'on utilise en tant que reactif 
difonctionnel en ct,a> contenant un groupement disulfure du disulfure de bis(2-(chloroformyl)ethyl). 

9. Procede selon Tune des revendications precedentes, caracterise en ce que Ton utilise en tant que como- 
nomere difonctionnel en <x,g) un monomere, oligomere ou polymere ayant une terminaison a.co-dihydroxy 
ou a t o)-diamino comme : ethers, polyethers, esters, polyesters, siloxane, polysiloxane, alcene, arylene 
ou alkylarylene ou un polymere vinylique. 

10. Procede de preparation de systemes d'apport de medicaments au gros intestin comprenant a) des sys- 
temes de type matrice dans lesquels le medicament est formule dans une matrice contenant des poly- 
meres contenant des groupements disulfure et/ou azoi'que sensibles a la reduction prepares selon Tune 
quelconque des revendications precedentes ; b) des systemes dans lesquels une forme pharmaceutique 
est enrobee d'un des polymeres contenant des groupements disulfure et/ou azoique prepare selon Tune 
quelconque des revendications precedentes ou d'un de ceux-ci. 
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